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$R=\Sigma_{n\geq 0}R_{n}$ CM $R_{0}=k$
$\{n|R_{n}\neq 0\}$ 1 $K$ $R$
$K$ 1 $t$
$K_{0}$ $K$ $0$
$K=K_{0}[t, t^{-1}]$ (Laurent polynomial ring)
$X=Proj(R)$ $K_{0}$ $X$ $k(X)$ Demazure
$X$ Weil (ample Q-Cartier) $D$
$R$
1.
$R=R(X, D)= \sum_{n\geq 0}H^{0}(X, \mathcal{O}_{X}(nD))t^{n}$
$D$ $D=\Sigma_{i}(q_{i}/p_{i})D_{i}(p_{i}, qi\in Z)$ $[D]=\Sigma[q_{i}/p_{i}]D_{i}$
( $r\in Q$ $[r]= \max\{n\in Z|n\leq?\cdot\}$ ) $\mathcal{O}_{X}(D)=\mathcal{O}_{X}([D])$
stalk $K_{0}$ $\mathcal{K}$ $\mathcal{O}_{X}(D)$ $\mathcal{K}$
$R$ CM $(X, D)$
$(X, D)$ $X=$ Proj $(R)$ $D$
$X$ ample Q-Cartier Q-Weil $D$
(1.1) $D= \sum_{x}(q_{x}/p_{x})[x]$
$\lambda$ $X$ 1 $x$ $q_{x}=0$
$Px$ $0$ $Px$




2. $x$ $X$ 1 $x$ $R$ 1 $p$
$R$ $p$ $R_{(\mathfrak{p})}$




3. $y$ $X$ $q$ Proj $(R)$ $\Omega(y)$ $y$
generalization $X$ 1
$R_{(q)}= \sum_{n\in Z}(\bigcap_{x\in\Omega(x)}m_{x}^{-[nr_{x}]})t^{n}$
$\mathcal{K}[t, t^{-1}]$ Ox- $A$
4.
$A= \sum_{n\in Z}\mathcal{O}_{X}(nD)t^{n}\subset_{\backslash }\mathcal{K}[t,t^{-1}]$
( $[nD+mD]\geq[nD]+[mD]$ )
3
5. 3 $A_{y}=R_{(q)}$ $R_{(q)}$ gl.dim$(A_{y})=$
$codim(y, X)$




(7.1) $R$ $0$ $Gr(R)$
$Gr(A)$ $A$ quasi-coherent modules $0$ $A$













11 . $n$ ‘-Gr(R) n-th syzygy
$gr^{n}(R)$ R- $\lambda l$ n-th syzygy $R(a)(a\in Z)$
$\{F_{0}, F_{1}, \ldots F_{n-1}\}$ $0$
$\phi_{i}$
$\phi_{n-1}$ $\phi_{1}$
$0arrow Marrow F_{n-1}arrow F_{n-2}arrow\cdotsarrow F_{1}arrow F_{0}$
$gr^{n}(\mathcal{A})$ $G\uparrow\cdot(\mathcal{A})$ n-th syzygy
A- $\mathcal{F}$ n-th syzygy $A(a)(a\in Z)$
$\{\mathcal{G}0, \mathcal{G}_{1}, \ldots \mathcal{G}_{n-1}\}$ $0$ $\psi_{i}B_{i^{\backslash }}$
$\psi_{n-1}$ $\psi_{1}$




$\Delta_{n}$ : $gr^{n}(R)arrow gr^{n}(A)$
( $12.2\rangle$ $\Gamma$ $\Gamma_{2}$ : $gr^{2}(R)arrow gr^{2}(A)$
13 $\cdot n$ 2 $\Delta_{n}$ : $gr^{n}(R)arrow gr^{n}(A)$
: $n=2$ $\Delta_{2}$ $\Gamma_{2}$














$\mathcal{F}\simeq\Delta(\Gamma(\mathcal{F}))$ $M\in gr^{2}(R)$ $M\simeq\Gamma(\Delta(M))$
$\Delta_{2}$ $\Delta_{2}$
fully faithfull $M,$ $N\in gr^{2}(R)$ $\Delta_{2}$
:
$Hom_{gr^{2}(R)}(M, N)arrow Hom_{gr^{2}(A)}(\Delta(M), \Delta(N))$
$\Gamma_{2}$
$\Gamma_{2}\cdot\Delta_{2}\simeq 1_{gr^{2}(R)^{\text{ }}}\Delta_{2}\cdot\Gamma_{2}\simeq 1_{gr^{2}(A)}$
$n>2$ $\Gamma_{2}$ $\Gamma_{2}$ $gr^{n}(A)$
$\Gamma_{2}$ $\Gamma_{n}$ : $gr^{n}(A)arrow gr^{n}(R)$ $\Gamma_{2}$ $\Delta_{2}$
$\Gamma_{n}$ $\Delta_{n}$ I
. $n\leq 1$ $\Delta_{n}$ : $gr^{n}(R)arrow gr^{n}(A)$
14. 3 $l(\geq 1)$ $lD$ integral Cartier divisor
$E=lD$




(16.1) $\mathcal{K}$ $l$ $M_{l}(\mathcal{K})$ $\mathcal{O}_{X}$-order $\Lambda$
$\Lambda=(\mathcal{O}_{X}((j-i)D))_{1\leq i,j\leq n}\subset M_{l}(\mathcal{K})$
mod$(\Lambda)$ coherent A- A-
(16.2) $\Phi$ : $gr^{1}(A)arrow mod(\Lambda)$ $\mathcal{F}=\Sigma_{n\in Z}\mathcal{F}_{n}$
$\Phi(\mathcal{F})=(\mathcal{F}_{0}, \mathcal{F}_{1} , \ldots \mathcal{F}_{l-1})\subset \mathcal{K}^{l}$
4
138
$\mathcal{F}$ A-\not\supset \Phi well-defined
(16.3) $\Psi$ : mod$(\Lambda)arrow Gr(A)$ $M\in mod(\Lambda)$ $n\in Z$
OX- $\mathcal{F}_{n}$
$\mathcal{F}_{n}=\mathcal{O}_{X}(aE)\otimes o_{X}Me_{e_{b}}$






(16.4) 1 $n$ A- $M$ n-th syzygy A-71[11
$0arrow Marrow P_{n-1}arrow P_{n-2}arrow\cdotsarrow P_{0}$
$\mathcal{O}_{X}(-aE)\otimes o_{X}e_{b}\Lambda(0\leq b<l, a\in Z)$
mod $(\Lambda)$ n-th syzygies mod$(\Lambda)$
17.
(17.1) $\Phi$ $\Phi(A(-n))=\mathcal{O}_{X}(-aE)\otimes_{\mathcal{O}_{X}}e_{b}\Lambda$ $n=al+b,$ $a,$ $b\in$
$Z,$ $0\leq b<l$
(17.1) $\Psi$
$\Psi(\mathcal{O}_{X}(-aE)\otimes_{\mathcal{O}_{X}}e_{b}\Lambda)=A(-(al+b))$ $(a\in Z, 0\leq n<l)$





19. 1 $n$ $\Phi$ $\Psi$ :
$gr^{n}(A)\simeq\uparrow nod^{n}(\Lambda)$
: $n=1$ $M\in mod^{1}(\Lambda)$






20 . $n$ 2 $gr^{n}(R)$ mod $(\Lambda)$
21. $y\in X$ $X$ $q$ $y$ $R$ 3




$I_{-l}=\mathcal{O}_{X}(-E)_{y}=\mathcal{O}_{X}(E)_{y}^{-1}=I_{l}^{-1}$ $A_{y}$ $I_{l}t^{l},$ $I_{-l}t^{-l}$
:





$x\in X$ $X$ 1 $\Lambda_{x}$ hereditary
6
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. $d=\dim(X)(\geq 1)$ $\dim(R)=d+1$
mod$(A)$ Ox- A-
$bdl(\Lambda)$ $bdl(A)$ A- $X$
vector bundle
23.










(26.1) $d=1$ $\mathfrak{g}\mathfrak{r}C(R)\simeq bdl(\Lambda)$
(26.1) $d=2$ $\mathfrak{g}\mathfrak{r}C(R)\subset bdl(\Lambda)$
$X$ 1 $R$ CM $bdl(\Lambda)$
22 $\Lambda$ 1 hereditary
27 . $x\in X$ 1 $\Lambda_{x}$ $\mathcal{O}_{X,x^{-}}order$ $Px$
( $Px$ (1.1) )







$A_{x}^{1}=(\begin{array}{llll}A |\mathfrak{n}^{-q} \cdots \mathfrak{m}^{-lq/p}\mathfrak{m}^{q} A \mathfrak{m}^{-(l-p)q}/p\cdots \backslash \cdots \cdots A\end{array})$
$\Lambda_{x}^{1}$ 1g{\acute T- $M_{l/p}(A)$ $\Lambda_{x}$ \Lambda x0 $\Lambda_{x}^{0}$ hereditary
projective $\Lambda_{x^{-}}^{0}$ $\Lambda_{x}^{0}$ orthogonal
idempotents $\{e_{1}, e_{2}, . . :, e_{p}\}$ $i\neq i$ $e_{i}A_{x}^{0}$ $e_{j}\Lambda_{x}^{0}$
$i<j$ $e_{i}\Lambda_{x}^{0}\simeq e_{j}\Lambda_{x}^{0}$ $r(0<r<q)$
$m^{f}e_{i}\Lambda_{x}^{0}=e_{j}A_{x}^{0}$
28. $q/p(p, q\in Z)$ $\rho$ : $Zarrow \mathbb{N}$
$\rho(n)=\#\{\nu\in \mathbb{N}|[\nu r]=n\}$
$\rho$ ( ) $q$
: I
$X$ 1 ( $R$ 2 )
$bdl(\Lambda)$ $\Lambda$ hereditary ( 22)
$\Lambda$ $M_{l}(\mathcal{K})$ maximal order $\Gamma$ $\Gamma$ Brauer class
$\Gamma$ $\mathcal{O}_{X}$
$bdl(\Gamma)\simeq bdl(\mathcal{O}_{X})$
$X$ vector bundle $\mathcal{F}\in bdl(\mathcal{O}_{X})$ $bdl(\Gamma)$ $\mathcal{F}’$
29 . $\phi_{\Gamma}$ : $bdl(\Lambda)arrow bdl(\mathcal{O}_{X})$ $bdl(\Lambda)$ $\mathcal{G}$
$\phi_{\Gamma}(\mathcal{G})’=\mathcal{G}\otimes_{\Lambda}\Gamma$
$\Gamma$ A- locally projective $\mathcal{G}\otimes_{\Lambda}\Gamma$ \in bdl(r) $\emptyset r$ well-defined
$\phi_{\Gamma}$
$\mathcal{F}\in bdl(\mathcal{O}_{X})$ $\phi_{\Gamma}^{-1}(\mathcal{F})$ $\phi_{\Gamma}(\mathcal{G})\simeq \mathcal{F}$ $\mathcal{G}$ $bdl,(\Lambda)$
$x\in X$ $\Lambda_{x}$ hereditary order
$m_{x}\Gamma_{x}\subset A_{x}\subset\Gamma_{x}$
27 $p_{x}=1$ $\Lambda_{x}=\Gamma_{x}$ ( $q_{x}=0$






(29.1) $3\mathcal{F}’\subset \mathcal{G}\subset \mathcal{G}\otimes_{\Lambda}\Gamma=\mathcal{F}’$
(29.1) $\mathcal{G}$ $\phi_{\Gamma}^{-1}(\mathcal{F})$ $\overline{\Lambda}=A/3\Gamma$ mod$(\overline{\Lambda}, \mathcal{F})$
$\{\overline{\Lambda}-module\overline{\mathcal{G}}|\overline{\mathcal{G}}\otimes_{\overline{\Lambda}}\Gamma/3\Gamma\simeq \mathcal{F}’/3\mathcal{F}^{/}\}$
vector bundle $\mathcal{F}$
(29.2) $\phi_{\Gamma}^{-1}(\mathcal{F})\simeq mod(\overline{\Lambda}, \mathcal{F})$
A
30 . $X$ vector bundle $\mathcal{F}$ (1.1) $X$ $D$
rep$(\mathcal{F}, D)$
rep $(\mathcal{F}, D)$ vector spaces
{ $\{V_{x_{t}i}\}|x\in X,$ $0\leq i<p_{x}$ , $V_{x,i}$ $\kappa(x)$ vector space
$V_{x,i}\subset V_{x,i-1}(0<i\leq p_{x})$ , $\mathcal{F}\otimes 0_{X}\kappa(x)=V_{x,0}$ }
$\{V_{x,i}\}$ $\{V_{x,i}’\}$ $\mathcal{F}$ $\varphi$
$(\varphi\otimes\kappa(x))(V_{x,i})\subset V_{x,i}’$ $(x\in X, 0\leq i<p_{x})$
(rep$(\mathcal{F}, D)$ $D$ $p_{x}$ $\mathcal{F}$ $q_{x}$
)
$\phi_{\Gamma}^{-1}(\mathcal{F})\simeq rep(\mathcal{F}, D)$
:Hereditary order 27 $x\in X$ $\overline{\Lambda}_{x}$ $\kappa(x)$ $p_{x}$
1
31. $d=1$ $\mathfrak{g}\mathfrak{r}\mathbb{C}(R)$ ( )
$X=\mathbb{P}^{1}$ $P=\{x|p_{x}\neq 1\}$ 3 3
$\sum_{x\in P}\frac{1}{p_{x}}>1$
$\prime i^{}j$
